Aldosterone-independent mechanisms may contribute to K + homeostasis. We studied aldosterone synthase knockout (AS 2/2 ) mice to define renal control mechanisms of K + homeostasis in complete aldosterone deficiency. AS 2/2 mice were normokalemic and tolerated a physiologic dietary K + load (2% K + , 2 days) without signs of illness, except some degree of polyuria. With supraphysiologic K + intake (5% K + ), AS 2/2 mice decompensated and became hyperkalemic. High-K + diets induced upregulation of the renal outer medullary K + channel in AS 2/2 mice, whereas upregulation of the epithelial sodium channel (ENaC) sufficient to increase the electrochemical driving force for K + excretion was detected only with a 2% K + diet. Phosphorylation of the thiazide-sensitive NaCl cotransporter was consistently lower in AS 2/2 mice than in AS +/+ mice and was downregulated in mice of both genotypes in response to increased K + intake.
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Inhibition of the angiotensin II type 1 receptor reduced renal creatinine clearance and apical ENaC localization, and caused severe hyperkalemia in AS 2/2 mice. In contrast with the kidney, the distal colon of AS 2/2 mice did not respond to dietary K + loading, as indicated by Ussing-type chamber experiments. Thus, renal adaptation to a physiologic, but not supraphysiologic, K + load can be achieved in aldosterone deficiency by aldosteroneindependent activation of the renal outer medullary K + channel and ENaC, to which angiotensin II may contribute. Enhanced urinary flow and reduced activity of the thiazide-sensitive NaCl cotransporter may support renal adaptation by activation of flow-dependent K + secretion and increased intratubular availability of Na + that can be reabsorbed in exchange for K + secreted. Aldosterone is thought to be critical for potassium (K + ) homeostasis. According to common knowledge, increased plasma K + concentrations, as they occur after a K + -rich meal, directly stimulate adrenal aldosterone secretion, which then is thought to stimulate K + excretion by the kidney and the colon until the excessive K + load is excreted. Consistent with a dominant role of aldosterone, the epithelial sites for regulated K + excretion correspond to the aldosterone-sensitive distal nephron (ASDN) (i.e., the late distal convoluted tubule [DCT2], the connecting tubule [CNT] , and the collecting duct [CD]) 1,2 and the aldosterone-sensitive distal colon (ASDC). 3, 4 The ASDN contributes to .90% and the ASDC to ,10% to whole-body K + excretion. 5 Both the ASDN and the ASDC are characterized by high abundance of the mineralocorticoid receptor (MR) and the enzyme 11b-hydroxysteroid dehydrogenase type 2. 1, 6 The latter rapidly metabolizes cortisol (in humans) or corticosterone (in rodents) to protect the MR from activation by these glucocorticoids. 1 Although the molecular mechanisms of K + secretion between kidney and colon differ, K + secretion follows in both organs the pump leak model and depends on active K + uptake across the basolateral plasma membrane and passive K + excretion across the apical plasma membrane. In the ASDN, K + is taken up by basolateral Na + /K + -ATPases and is excreted by luminal renal outer medullary K + (ROMK) and large conductance Ca 2+ -activated K + (BK) channels. 2, [7] [8] [9] The electrochemical driving force for K + secretion is provided by activation of apical epithelial Na + channels (ENaCs). 1, 10 In the ASDC, K + is taken up across the basolateral plasma membrane by the Na -cotransporter type 1. The sole luminal exit pathway is the BK channel. 11 ENaC is also expressed in the colon, but there is no clear dependence of colonic K + secretion on ENaC activity. 12, 13 Aldosterone regulates the function of the transport and channel proteins mentioned above by direct stimulation of their expression and/or by modulation of their activity due to an altered expression of regulatory proteins. 1 The relevance of aldosterone for K + homeostasis is underlined by the observation that hypoaldosteronism and hyperaldosteronism as in Addison's disease and Conn syndrome, respectively, cause severe disturbances in K + balance. [14] [15] [16] Likewise, pharmacologic inhibition of the MR may cause hyperkalemia. 17 Nevertheless, despite these clinical observations and numerous experimental studies confirming the relevance of aldosterone, it becomes increasingly clear that regulation of K + homeostasis is at least in part also independent from aldosterone. [18] [19] [20] Indeed, the kaliuretic response to a dietary K + load occurs very rapidly and often before plasma aldosterone is elevated. 18 Moreover, even in adrenalectomized animals, increased K + intake augments K + excretion in kidney and colon. 3, 21 Likewise, dietary K + increases apical Na + and K + channel conductances in the CD not only of intact but also of adrenalectomized rats 19, 21 and rabbits. 22, 23 However, adrenalectomy is not always complete and residual plasma aldosterone levels may persist. 24 Moreover, local aldosterone producing systems may exist in many organs including the kidney. 25 Hence, we used mice with targeted inactivation of the aldosterone synthase (AS) 26 to analyze in detail the cellular and molecular mechanisms involved in the regulation of K + homeostasis under conditions of complete aldosterone deficiency. Figure 1 ). With excessive dietary K + loading (i.e., 5% K + ), the abundance of ROMK was similar between genotypes, but the proteolytic cleavage of a-ENaC and g-ENaC was less in AS 2/2 than in AS +/+ mice. Likewise, the apical localization of ENaC, but not of ROMK, was less pronounced in the ASDN of AS 2/2 than of AS +/+ mice (Supplemental Figure 2) . Because the AS 2/2 mice have low BP 31 that may reduce GFR and delivery of Na + to the ASDN, we tested whether a high-Na + diet (2% Na + ), which should correct extracellular volume contraction and enhance Na + delivery to the distal tubule, is able to overcome the detrimental effect of 5% K + intake in the AS 2/2 mice. However, AS 2/2 mice on a 5% K + + 2% Na + diet also showed food avoidance, loss of body weight, and severe hyperkalemia (Supplemental Figure 3 ) similar to AS 2 /2 mice on a 5% K + diet with a control Na + content (Figure 1 ).
RESULTS

AS
Upregulation of ROMK and ENaC in
Early ASDN of AS 2/2 Mice in Response to a 2% K + Diet AS 2/2 mice were apparently able to adapt to a 2% K + load, which is in the range of the maximum K + concentrations reached in natural diets such as in dried vegetables and fruits. 32 Under this condition, the AS 2/2 mice are also in whole-body K + balance as indicated by the fact that on a 2% K + diet, muscle K + content is similar in mice of both genotypes (Supplemental Figure 4) . Therefore, we focused in the following experiments on the effects of a 2% K + diet. First, we analyzed by immunoblotting and immunohistochemistry the abundance and subcellular localization of ROMK and ENaC subunits in kidneys of AS +/+ and AS 2/2 mice on a control diet and a 2% K + diet (Supplemental Figures 5-7) . One consistent change in response to a 2% K + diet in mice of both genotypes was an increase in the abundance of the proteolytically cleaved a-ENaC subunit (approximately 35 kDa) (Supplemental Figures 5 and 6) . Moreover, the 2% K + diet induced an apical translocation of ROMK in the late DCT (DCT2) and CNT in the kidneys of both AS +/+ and AS 2/2 mice (Supplemental Figure 7 ). By contrast, an apical translocation of b-ENaC was seen in DCT2 and CNTof AS +/+ mice, only. In AS 2/2 mice, the apical translocation of b-ENaC appeared to be restricted to the DCT2. Neither in AS +/+ nor in AS 2/2 mice, any detectable apical translocation of ROMK and b-ENaC was visible in cortical CDs (Supplemental Figure  7 ). To analyze further a possible differential ROMK and ENaC regulation between genotypes, we also directly compared AS +/+ and AS 2/2 mice. After 2 days on a 2% K + diet, AS +/+ and AS 2/2 mice showed the same abundance of ROMK in kidney ( Figure 2A previous studies on wild-type mice, 29 the apical localization of ROMK was more prominent in DCT2 than CNT in mice of both genotypes, whereby the apical immunostaining for ROMK appeared to be slightly stronger in AS 2/2 than AS +/+ mice ( Figure  2B ). AS 2/2 mice on a 2% K + diet had an enhanced abundance of full-length b-ENaC and g-ENaC compared with AS +/+ mice (Figure 3A) . However, the abundance of the cleaved forms of a-ENaC (approximately 35 kDa) and g-ENaC (approximately 70 kDa) was not different between genotypes. Consistent with previous results in mice on a standard diet, 31 quantitative RT-PCR revealed slightly higher g-ENaC mRNA levels in AS 2/2 than in AS +/+ mice on a 2% K + diet (Supplemental Figure 8) , suggesting that at least part of the upregulation of g-ENaC at the protein level is caused by a transcriptional effect. Immunohistochemistry showed that the 2% K + diet caused an apical translocation of all three ENaC subunits in the CNTs of AS +/+ mice, whereas only few CNTs showed a faint apical localization of a-ENaC, in AS 2/2 mice. b-ENaC and g-ENaC were distributed over the entire cytoplasm in CNTs and CDs of AS 2/2 mice ( Figure 3B and Supplemental Figure 7 ). Although we observed a predominant intracellular localization of ENaC in the CNT and CD of AS 2/2 mice, the very early ASDN (i.e., the late DCT or DCT2) of these mice showed a prominent apical localization for all ENaC subunits ( Figure 4A ). The intact apical translocation of ENaC in the early ASDN was functionally confirmed by patch-clamp studies on early ASDN segments isolated from mice on a 2% K + diet ( Figure 4B ). Moreover, AS +/+ and AS 2/2 mice on a 2% K + diet showed a similar amiloride-induced natriuresis and kaliuresis ( Figure 4C ).
Loss of Aldosterone in AS
2/2 Mice Is Compensated by Angiotensin II AS 2/2 mice have a profound upregulation of the renin-angiotensin II system, 33 which may help to maintain sufficient BP, glomerular filtration, and ENaC activity to keep mice in homeostatic balance even in the absence of any aldosterone. Consistent with this hypothesis, injection of the angiotensin II type 1 receptor (AT1R) antagonist losartan caused a decompensation of AS 2/2 mice with reduced renal creatinine clearance, diminished urinary K + excretion, severe hyperkalemia, and food avoidance ( Figure 5A ). ENaC was no longer detectable at the apical cell side, but predominantly showed an intracellular localization, which was most evident at the transition from the DCT2 to the CNT ( Figure 5B ). By contrast, the apical localization of ROMK was not diminished by AT1R inhibition, but appeared to be even slightly increased compared with vehicle-treated mice ( Figure 5B ). The lack of any detectable apical ENaC localization in losartan-treated AS 2/2 mice is consistent with the fact that both aldosterone and angiotensin II are potent stimuli for renal ENaC activity. 1, 34 Decreased NaCl Cotransporter Protein Expression and Activity in AS 2/2 Mice on a 2% K + Diet A K + diet-induced downregulation of the thiazide-sensitive NaCl cotransporter (NCC) in the DCT may participate in the control of urinary K + excretion. 28, [35] [36] [37] NCC mRNA levels did not differ between AS 2/2 and AS +/+ mice on a 2% K + diet ( Figure 6A ). However, the total abundance of NCC and the phosphorylation of NCC at three phospho-sites (pT53, pT58, and pS89) were .50% lower in AS 2/2 mice compared with AS +/+ mice ( Figure 6B ). Consistently, AS 2/2 mice revealed a .50% lower thiazide-sensitive Na + excretion than AS +/+ mice ( Figure 6C ). Interestingly, AS 2/2 mice did not show any thiazide-induced kaliuresis, suggesting that NCC downregulation is already maximized for K + excretion and a further decrease of its activity does not augment kaliuresis. The more profound downregulation of NCC activity in AS 2/2 than AS +/+ mice may explain why AS 2/2 mice on a 2% K + diet excrete more Na + in the urine than AS +/+ mice on the same diet (Figure 1 ). That both genotypes of mice do not show an enhanced urinary Na + excretion in response to the 
2% K
+ diet despite NCC downregulation could be explained at least in part by the concomitant K + diet-induced ENaC activation, which is similar in both genotypes ( Figures 3   and 4) . The ENaC upregulation may outreach and hence overcompensate the slight NCC downregulation in AS +/+ mice, but may just be sufficient to compensate for the prominent 
Regulation of Electrolyte Transport in the late Distal Colon Is Aldosterone Dependent
The distal colon is another site for K + secretion in the body and both colonic BK channels and ENaC are regulated by aldosterone. 6, 11, 12 We placed colonic mucosa from AS +/+ and AS mice ( Figure 7 , A and C). However, in response to the 2% K + diet, K + and Na + channel activities rose significantly in the colonic mucosa of the AS +/+ mice only (Figure 7 ).
DISCUSSION
The traditional view of the control of K + homeostasis assumes that increases in plasma K + concentrations (e.g., in response to a K + -rich diet) directly stimulate aldosterone secretion by the adrenal glands. Enhanced plasma aldosterone levels stimulate renal K + secretion restoring plasma K + . This classic feed-back model was challenged by studies of Rabinowitz and others [18] [19] [20] showing that a K + -rich meal provokes a kaliuretic response before plasma K + and aldosterone levels were increased. 18 Moreover, aldosterone has a rather weak kaliuretic effect at normal physiologic levels. 18 This study on aldosterone-deficient mice strongly supports the concept that control of K + homeostasis can be achieved independent from aldosterone at least as long as dietary K + intake is modulated in the physiologic range. Only when dietary K + concentrations exceed a certain limit (3% K + in the case of the AS 2/2 mice), aldosterone-independent mechanisms are no longer sufficient to maintain K + homeostasis. Our data are in line with observations in humans with type 1 aldosterone deficiency, who are usually still able to adapt renal K + excretion and to stay more or less in K + balance. 38 Likewise, adrenalectomized animals 23, 24, 39 were shown to augment renal K + excretion in response to an increased dietary K + intake, although usually at the expense of more or less elevated plasma K + levels. Previous studies on adrenalectomized rats and rabbits indicated that a high-K + diet increases renal Na + and K + channel activities independent from aldosterone. 19, [21] [22] [23] However, because adrenalectomies in rodents are often incomplete and the existence of local aldosterone producing systems in kidney and other organs have been suggested, 25 these previous studies could not exclude that minute amounts of remaining aldosterone production could have contributed to the observed activation of Na + and K + channels in the ASDN. In AS 2/2 mice, any aldosterone production is prevented because 39 This is in line with transport and renal clearance studies on adrenalectomized laboratory animals, which suggested that aldosterone is not absolutely necessary, but plays at least a permissive role and is important to achieve maximal K + secretion. 22, 40 Likewise, inhibition of aldosterone action by the MR-inhibitor spironolactone increases plasma K + levels in mice on a combined high-K + (5%) and highNa + (3%) diet. 41 Interestingly, the apical translocation of ROMK and ENaC occurred predominately in the early ASDN in mice of both genotypes (AS 2/2 and AS +/+ ). This supports the crucial role of this tubule segment for Na + and K + homeostasis 27 and is consistent with previous immunohistochemical and electrophysiologic data indicating that apical ROMK and ENaC localization and activity in the early ASDN are several times higher than in the late ASDN. 29, 42, 43 Our immunofluorescence and functional data are also in good agreement with patch-clamp studies on isolated early and late ASDN segments from AS +/+ and AS 2/2 mice that indicated that ENaC regulation in the early ASDN is largely aldosterone independent. 44 Here, we provide a possible explanation for the aldosterone-independent activity of ENaC in the early ASDN of AS 2/2 mice. AS 2/2 mice have very high 26 This probably does not directly contribute to the regulation of K + homeostasis, but may compensate for the loss of aldosterone at least in part by ensuring a residual ENaC activity in the kidney of AS 2/2 mice. Consistent with this interpretation, we demonstrated that inhibition of AT1 receptors caused removal of ENaC, but not ROMK, from the luminal cell side of the ASDN. This loss of ENaC activity together with a reduced GFR due to the hemodynamic effects of losartan likely explains the severe hyperkalemia in losartan-treated AS 2/2 mice. Interestingly, losartan caused hyperkalemia and K + food avoidance only in AS 2/2 mice, but not in AS +/+ mice, indicating that AT1R inhibition disturbs renal K + handling only in the absence of aldosterone and that the action of both hormones may compensate for each other. Consistently, a recent meta-analysis revealed that patients with a combined inhibition of aldosterone and angiotensin II action develop much more frequent episodes of severe hyperkalemia than patients with inhibition of either MR or AT1-dependent signaling. 45 Consistent with previous studies on adrenalectomized rats, 3, 21, 46 aldosterone-independent mechanisms cannot fully compensate for the loss of aldosterone. On a 5% K + diet, AS 2/2 mice but not AS +/+ mice decompensated, became hyperkalemic, and showed food avoidance. Our data suggest that the decompensation of the animals is likely the result of an impaired regulation of ENaC rather than of ROMK. Apparently, in response to a dietary K + load, maximum apical translocation of ENaC but not of ROMK requires aldosterone. Our finding that the activation of renal secretory K + channels in response to K + intake does not require aldosterone is consistent with previous ion transport and electrophysiologic studies on isolated CDs from adrenalectomized animals. 19, 21 Although previous studies did not show a reduced creatinine clearance in AS 2/2 mice at baseline, 33 we saw a slight, although not statistically different, trend for a lowered creatinine clearance in AS 2/2 mice on a 2% K + diet ( Figure 5 ). To what extent a possibly reduced GFR may have contributed to the decompensation of the AS 2/2 mice on the 5% K + diet is open. AS 2/2 mice are polyuric. 33 Polyuria, seen on standard diet, became even more prominent under dietary K + loading. K + secretion in renal distal tubules as well as the activity of renal potassium channels such as the BK channel are flowdependent 47, 48 and changes in BK channel activity were suggested to add to the adaptation of urinary K + excretion in response to an altered dietary K + intake. 49 Unfortunately, we could not analyze the expression and subcellular localization of BK channels in the kidneys of AS +/+ and AS 2/2 mice as none of the BK channel antibodies available to us allowed a convincing detection of renal BK channels. However, on the basis of the previous observation that AS 2/2 do not tolerate any water restriction, 31 we speculate that the high urinary flow rate does also contribute to an efficient renal K + elimination. NCC was reported to be an aldosterone-induced protein. 50 Consistently, we found a lowered thiazide response and a reduced total NCC and pNCC abundance in AS 2/2 mice on a standard diet (not shown) and on a 2% K + diet. NCC mRNA expression was similar in both genotypes, supporting that the aldosterone-dependent regulation of NCC occurs at the posttranscriptional level. 51 Similar to previous data on wild-type rats 37 and mice, 35, 36 the high-K + diet also decreased NCC phosphorylation in AS 2/2 mice (Supplemental Figure 9 ). Although the underlying mechanism for the K + -induced downregulation of NCC is unclear, it likely contributes to the maintenance of K + balance because it augments Na + delivery to the ENaC-expressing ASDN in which then more luminal Na + is available for electrogenic Na + reabsorption in exchange for K + secretion. 5, 52 Nevertheless, a recent renal clearance study with thiazide-treated mice pointed out that lowered NCC activity per se is not sufficient to activate electrogenic Na + reabsorption in the ASDN and to induce a significant kaliuresis. 53 Other renal adaptation mechanisms, including an activation of ROMK and ENaC, might be needed as well.
The distal colon is aldosterone sensitive and both electrogenic Na + reabsorption and K + secretion are regulated by aldosterone. 6, 11, 12 Previous studies revealed the importance of aldosterone for colonic K + adaptation, 3, 54 and showed an upregulation of electrogenic Na + and K + transport and mRNA expression of BK channels and ENaC in the distal colon of mice on a high-K + diet. 11, 13 Here, we confirmed that a K + diet induced activation of Na + reabsorption and K + secretion in the colon of AS +/+ mice. However, this adaptation of Na + and K + channel activity was completely absent in the colon of AS 2/2 mice. Thus, it appears that K + adaptation in the colon, even in physiologic ranges, strictly depends on the presence of aldosterone. This is in sharp contrast with the kidney. The significantly higher urinary K + excretion rate in AS 2/2 mice on a 2% K + diet indicates that the colonic defect of K + excretion might be even partly compensated by an aldosterone-independent stimulation of renal K + excretion. The underlying mechanism for the aldosterone-independent activation of ENaC and ROMK, as well as the downregulation of NCC in the kidney, remains elusive. The existence of yet undefined kaliuretic factors 18 has been proposed and indeed there is experimental evidence for such factors to be present in plasma 55 and urine. 56 Increased plasma K + levels may also directly affect the kidney. Young and Paulsen stressed the powerful effect of increased plasma K + levels on renal K + excretion.25 years ago. 39 However, although elevation of plasma K + concentrations by intravenous K + infusions increases apical K + conductances in distal tubules, 23, 57 reduces NCC phosphorylation, and drives kaliuresis, 58 ex vivo studies on mouse CD cells and isolated renal tubules failed to detect any significant direct effects of increased extracellular K + concentrations on ENaC and ROMK channel activities 59 and NCC phosphorylation. 35 In summary, AS 2/2 mice adapt to physiologically relevant challenges in dietary K + intake without major signs of illnesses and hyperkalemia. Apparently, K + balance in these mice is mainly achieved by an aldosterone-independent ROMK and ENaC activity in the early ASDN. In addition, an increased urinary flow and a profound downregulation of the thiazidesensitive NaCl cotransporter NCC in the distal convoluted tubule likely contribute to the renal K + adaptation in AS 
CONCISE METHODS
Animal Model
Experiments were performed in AS wild-type (AS +/+ ) and AS-deficient (AS 2/2 ) mice, which were bred in a 129 SvEv genetic background. 26 All breeding was done in our in-house animal breeding facility. 
Metabolic Cages
Mice were kept individually in metabolic cages. Before the experiments, mice were adapted to the metabolic cages for 2 days. The diets were then changed to the experimental diets for an additional 2 days. Daily food, water intake, and body weights were measured, and 24-hour urine was collected under mineral oil. At the end of the experiment, mice were anesthetized and heparinized venous blood was collected and analyzed immediately for pH, blood gases, and electrolytes on a Radiometer ABL 505 (Radiometer, Copenhagen, Denmark) blood gas analyzer. Plasma was prepared and frozen until further analysis. Both kidneys were harvested, immediately frozen in liquid nitrogen, and stored at 280°C for mRNA or protein extraction. Urinary electrolytes (Na + , K + ) were measured by ion chromatography (Metrohm, Herisau, Switzerland). Urine creatinine was measured by the Jaffe method. 60 
Amiloride and Thiazide Tests
Mice were kept in metabolic cages on a control or a 2% K + diet. After 2 days on these diets, urinary bladder was emptied by abdominal massage and mice were injected intraperitoneally with either amiloride (5 mg/g body wt in 0.9% saline) or hydrochlorothiazide (50 mg/g body wt in DMSO), respectively. Control mice were injected intraperitoneally with vehicle (saline or DMSO) only. Four hours after injection, urinary bladder was emptied again and urine was combined with the urine sampled in the urine collector of the metabolic cage. The 4-hour urine collection was analyzed for Na + , K + , and creatinine as described above.
Losartan Treatment
Mice were kept in metabolic cages on either a control diet or a 2% K + diet. After 36 hours on these diets, urinary bladder of mice was emptied by abdominal massage and mice received a single subcutaneous injection of either losartan (10 mg/kg body wt in deionized water) or vehicle (deionized water) and urine was collected for the next 12 hours for analyses of Na + , K + , and creatinine. Urine and plasma creatinine were measured by the UniCel DxC 800 Synchron system (Beckman Coulter International, Nyon, Switzerland) to calculate renal creatinine clearance.
RNA Extraction from the Kidney
Snap-frozen kidneys (five kidneys per group) were homogenized in RLT buffer (Qiagen) supplemented with 2-mercaptoethanol to a final concentration of 1%. Total RNA was extracted from 200 ml of homogenized samples using the RNeasy Mini Kit (Qiagen) according to the manufacturer's instructions. The quality and concentration of the isolated RNA preparations were measured by an ND-1000 spectrophotometer (NanoDrop Technologies).
Quantitative Real-Time PCR
We used 300 ng of total RNA as a template for RT using the TaqMan Reverse Transcription Kit (Applied Biosystems, Foster City, CA). Quantitative real-time PCR was performed on the ABI Prism 7500 Sequence Detection System (Applied Biosystem). The following primers for the sodium chloride cotransporter (NCC) and the hypoxanthine guanine phosphoribosyl transferase (HPRT) were used: NCC, forward 59-TAG ACC CCA TCA ATG ACA TCC-39 and reverse 59-AGG TAG TTG GCA AAG GAG ACC-39 (accession number NM_001205311); and HPRT, forward 59-TTA TCA GAC TGA AGA GCT ACT GTA AGA TC-39 and reverse 59-TTA CCA GTG TCA ATT ATA TCT TCA ACA ATC-39 (accession number NM_013556). Specificity of the primers was first tested in a standard PCR with subsequent separation of PCR products in a 2% agarose gel. Real-time PCR reactions were performed using the iQ SYBR Green Supermix (Bio-Rad). ROX Passive Reference Dye (Bio-Rad) 3.3 ml/1.25 ml of iQ SYBR Green Supermix was added. Briefly, 3 ml cDNA, 0.8 ml of each primer (10 mM), 5.4 ml RNase free water, 10 ml iQ SYBR Green Supermix reached 20 ml final reaction volume. Reaction conditions were as follows: denaturation at 95°C for 10 minutes followed by 40 cycles of denaturation at 95°C for 15 seconds and annealing/elongation at 60°C for 60 seconds followed by dissociation stage (95°C for 15 seconds and 60°C for 15 seconds, followed by slow ramp to 95°C). All reactions were run in duplicate. The expression of the gene of interest was calculated in relation to HPRT.
Membrane Preparation and Western Blot Analyses
Mice were anesthetized with a combination of ketamine (65 
Immunohistochemistry
Kidneys of anesthetized mice were fixed by vascular perfusion with 3% paraformaldehyde/0.1 M phosphate buffer and processed for immunohistochemistry as previously described. 62 Cryosections (4-5 mm) were incubated with primary antibodies (Table 1) at 4°C overnight and with fluorescent dye-conjugated secondary antibodies (Jackson Immunoresearch Laboratories) at room temperature for 1 hour. Sections were analyzed using a Leica DM 6000 fluorescence microscope (Leica, Wetzlar, Germany). Sections stained with one of the rabbit antibodies were always costained with the mouse anticalbindin D28K antibody for unequivocal identification of distal tubule segments and CDs, as established in previous studies. 63 Images were captured with a charge-coupled device camera (Leica) and were processed with Photoshop and PowerPoint software.
Ussing Chamber Experiments
Mice kept on the respective diets were euthanized by cervical dislocation. The distal part of the colon was isolated and rinsed in ice-cold Ringer solution. Only the distal 1.5 cm of the intact mouse colon was then mounted in an Ussing chamber (Physiologic Instruments). The two halves of the chamber were perfused with identical solutions: 120 mM NaCl, 25 mM NaHCO 3 , 1. 
Patch-Clamp Experiments
Microdissection of DCT2/CNT tubular fragments and conventional wholecell patch-clamp recordings were performed as recently described. 44 
Statistical Analyses
Results are expressed as the mean6SEM. All data were tested for significance using one-way ANOVA followed by the Tukey's multiple comparisons test and unpaired and paired t tests where appropriate. Only values with P,0.05 were considered significant.
